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Specification Amentdments 

QDoages2and:^ ! 

llie design of segments for spherical slieUs and domes in the prior art will now be 
described in order to provide a background for the invention. A segment is meant to be a 
surficial portion of a shell, as contrasted to an underlying structordl portion, although structural 
elements or capabilities may be incoiporated within a phyaical segment. Physical segments 
designed for assembly of a sphere or dome have the same fonn as geometric segments obtained 
by division of die equivalent geometric figure, but may have additional features, such 
attachment flanges for joining them together. For the present purpose, a geometric segment 
any desired portion of a geometric figure and is a mathematical constnict, while the physical 
segment is a asefiil article having the same general shape. In many in.-;f.nnc.eo I urjll simply lofc r 
to a ocgmont and the reader »ill be able to dctcnnino the rypo of ocflm m t . Hereafter, the term , 
"segment." without a modifier shall refer m n p hysical .se.>»^c>.u Uiat is ioinai ip other set^niftnt^ 
by suitable attactoenl means to form a ■<;nh.>rir.>,l s hell or a dom^ A malhemat.V;.] ^Ipm..nf 
having a v;urrcspondmg form wUl be referrt>d to as a "tTeomet ric segment " The- 
"segment," furtlier implies a whole .sa pme. !!. one of s^v^-ral identical or n earlv idaniir.^1 
el ements, except a.s .specifi<-allv m«>ntioned with r^ ,^r A to die nrinr art Som^ whol^ ..pm^^t^ 
may be cut through in making ^ ^om^ nr . other portion of « fi.ll cph^r^ .sr s imilar «h»li Pn^ , 
semncnt!? formed by such cuttiny are referred to as partial sttvm^.m^ or seement p tirfion^ The 
baj?ic principles of designing segments will be iUusn-ated by discussion of geometric divisions 
of spheres and regular polyhedra. Additional fr. Uurcc of pb^ii c ul p hysical feature, nf^ .pr..^*. 
will be taught by later reference to specific examples and embodiments. 

On page 4 : 

In madiematics, tlie division of surfaces into identical or repeating patterns of parts is 
referred to as tiling. 1 iling, or segmentation, of the sphere has been investigated by many 
geometers, and artists such as M. C. Escher. Robert Dawson of Saint Maiy's Unive^ity, 
Halifax, Nova Scotia, has described many tilings of the sphere by isosceles triangles. Some of 
these tiling.^ divide a sphere into more than 60 identical triangular gsaffieejfi-Segments. 
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However, these g eometric segments always have a lung dimcnsiuu of at least GO degrees of arc 
which severely restricts their usefulness for manufacture of large objects. 

On page 9: 
SUMMARY 

AcconJing to toe present invention, spherical and polyhedral shells aj e segmented in a 
manner that substantially improves cost and efficiency of manufacture. The physical segments 
are modeled after small, conveniently-shaped, oblong igeometric segments of geometric figures, 
The wide range of applications will be illustrated by a few reprCsSentative examples only. 

Segments of a sphere are constructed by dividing a face of a spherical triacontahedron 
into quadrilateral segments, using lines running generally parallel to the sides of the face. In a 
preferred embodiment, one line is used to divide the spherical rhombic face into two identical 
oblong segments. This geometric segment form serves as a model for manufacture of physical 
segments that are useful for construction of spheres and domes in a variety of applications. 
Examples are pressurized storage tanks, light-weight greenhouses, and skylights. In other 
embodiments, my improved segmentations are used for assembly of spherical shells from any 
number of convenient oblong quadrilateral parts, and for manufacture of various polyhedral 
shells. The segments may include parts for convenient assembly or structural support 

On paye 26 : 

Joining and Sealing of Segments — Figs. 4A to 5B 

In order to assemble the physical segments into a useful structure, a method of joining 
them mu$t be provided. A variety of joining means may be utilized, such as welding of metaJ 
shells, or use of flanges, clevis joints, or overlapping joints with suitable fasteners. Two 
examples of overlapping joints will be shown: use of underlapping flanges in Pigs. 4A-C, and 
use of splicing and offsetting elements in Figs, 5A and 5B. Overiapping of segment edges is a 
method tliat is especially eitectivc m developing the full strength capability of a shelL A well- 
secured overlappmg connection provides very efficient transfer of all types of loads, such as 
tension, compression^ shear^ and moments. 

Accordingly, the second embodiment shown in Figs* 4A-C, which depicts a physical 
quadrilateral segment 60 of the order discussed above, further incorporates joining means into 
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the segment as undorlapping flanges and means for their axtachmeni. In Fig. 4A, flanges 62, 
64, and 66 extend fix>m the edges of the basic shape that was illustrated in the previous figures. 
Flange 62 extends outwardly from the lower half of the firet long side and flanges 64 and 66 
extend from the short sides. The flanges are generally beveled at the corners to avoid 
interference widi other flanges from adjoining parts. The flanges are made to follow the 
spherical fomi of the segment and have top surfaces recessed sufficiently to mate in edigmiieiil 
with the undisplaced bottom surfaces of the overlapping edges of adjoining segments. This 
underlapping feature provides that the joints present minimum disruption on tlie exterior 
surfiice of the assembled structure. 

On page 37 : 

A sphaicaUy-curved dome roof of generally square appearance is shovwi in plan view 
in die embodiment of Fig. 13. This shell 200 is fornied by joining together four groups of 
segments, each group together having the approximate form of a spherical square with sides 
having a length of 40 degrees of arc in this example. Sqiiare group 202 includes oblong 
segment 204, for example. The resulting assembly has a comparatively low height-to-width 
ratio, or aspect, of appiuximately 0.18 at the midsection. Uue to the spherical curvature, the 
comers dip down much lower than the midsection edges, giving an aspect at the comers of 
approximately 0.34. This is tlie only embodiment to be presented in which the segmentation 
cannot be used to fo™ a complete sphere or polyhedron. This fact lends more freedom in the 
segmentation plan, allowing reallocation of space so that all physieal-segments of the assembly 
arc spherical rectangles of substantially identical size with least variation in overlap uf edges. 

On pages 1 1 toi4: 
— ^Reference Numerals 

20 sphere in Fig, 2A 

22 great circle line of Fig. 2A and bottom edge of Fig. 2B 

24 se^ent portion (small part) of Fig. 2B 

25 segment portion (large part) of Fig. 2B 

26 cut-off segment portion in Fig, 2A 

27 remaining partial segment in Fig, 2A 
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28 


partial segment in Fig, 2 A 


29 


segment portion in Fig. 2 A 


30 


segment (basic), and mirror image of segment 32 of Fig. 3B 


32 


segment (basic) of Fig. 3B, and mirror image of segment 30 


34 


side of spherical rhombic surface in Fig. 3C (first) 


36 


side of spherical rhombic surface in Fig. 3C (second) 


38 


side of spherical rtiombic surface in Fig. 3C (Ihird) 


40 


line of division (basic) and first long side of segments in Figs. 3A-3C 


41 


line perpendicular to both lines 38 and 42 in Fig. 3C 


42 


side of spherical rhombic surface in Fig. 3C (fourth) 


44 


first short side in Figs. 3 A-3C 


46 


second short side in Figs. 3A-3C 


48 


first interior angle in Fii^s. 3A-3C 


50 


second interior angle in Figs. 3 A-3C 


52 


tliird interior angle in Figs. 3A-3C 


54 


fourth interior anale in Fi&s. 3A-3C 


56 


flange, corresponding part of adjoining segment (upper) in Fig. 4B 


58 


flange, corresponding pari of adjoining segment (lower) in Fig, 4B 


60 


physical quadrilateral segment of Figs. 4A and 4B 


62 


flange, extends outwardly from lower half of first long side 


64 


flange, extends from (upper) short side, and underlying flange portion of Fig. 4C 


66 


flange, extends fix)m (lower) short side of Figs. 4A and 4B 


68 


flange, same part (as 62) of mating segment of Fig. 4B 


70 


overlapping edge of an adjoining segment in Fig. 4C 


72 


fastener in Fig. 4C 


74 


optional adhesive placed along and between faying sur&ces in Fig. 4C 


76 


exposed surface near overlapping line (segment 60) in Fig. 4C 


77 


overlapping line in Fig. 4C 


78 


exposed surface near overlapping line (mating segment) in Fig. 4C 


80 


insulated segment of Figs. 5A and 5B 


84 


inner shell segment in Fig. 5B 
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86 oulcr shell segoient m Fig. 5B 

87 short splicing-offset element in Fig. 5 A 

88 long splicing-offeet element in Figs. 5 A and 5B 
90 insulation m Figs. 5A and SB 

92 female connector portion (first), left and top of Fig. 5 A, and in Fig. 5B 

93 female connector portion (second), at bottom of Fig. 5 A 

94 edge of outer shell segment 86 in Fig. SB 
96 edge of inner shell segment 84 in Fig, 5B 

98 spacer in Fig. 5 A 

99 small void in Fig. 5A 

100 spherical rhombic face assembled from four segments in Fig. 6 
102 one of four segments of uniform crosswise section in Fig. 6 
108 one of 36 segments in Fig. 7 

1 10 spherical rhombus having 36 segments per l/30th part of a sphere in Fig. 7 

1 1 2 one of eight triangular faces in Fig. 8 

1 14 line joining with line 1 16 to fonn first long side of oblong segments in Fig. 8 

1 16 line joining with line 1 14 to form first long side of oblong segments in Fig. 8 

1 1 8 center vertex in Fig. 8 

1 20 segment^ first of two equal parts formed by lines 114 and 1 16 in Fig, 8 

122 line joining with line 124 to form second long side of segment 120 in Fig. 8 

124 line jommg with line 122 to form second long side of segment 120 in Fig. 8 

126 first short side of segment 120 in Fig. 8 

1 28 second short side of segment 120 in Fig. 8 

1 30 segment, second of two equal parts formed by lines 1 14 and 116 in Fig. 8 

1 32 line joining with line 1 34 to form the second long side of segment 1 30 in Fig. 8 

134 line joining with line 1 32 to form the second long side of segment 130 in Fig. 8 

1 36 first short side of segment 1 30 in Fig. 8 

1 38 second short side of segment 1 30 in Fig. 8 

1 40 segment comprising the right half of Fig. 9 

142 rhombic face included in segment 140 of Fig. 9 

ISO middle segment of Fig. 1 0 
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154 comers of outside segments with interior angles measuring 72*^ in Fig. 10 

156 comers of outside segments with interior angles measuring 120^ in Fig. 10 

158 halfhexagon on top end of middle segment ISOinFig. 10 

160 side segment (two) in Fig. 10 

1 62 halfhexagon on bottom end of middle segment 1 50 in Fig. i o 

1 64 half hexagons of side segments 1 60 in Fig. i o 

170 segment of Fig. 1 IB 

172 triangular tip, portion of segment 1 70 in Fig. 1 1 B 

1 74 first hexagon face of Figs. 1 1 A and 1 1 13 

1 76 second hexagon face of Figs. U A and 1 1 B 

1 78 pentagon face of Figs. 1 1 A and 1 1 B 

1 80 quadrilateral segment, one of tlie oblong faces of Fig. 12 

1 82 first long side of quadrilateral 1 80 in Fig. 12 

1 84 second long side of quadrilateral 1 80 in Fig. 1 2 

1 86 first short side of quadrilateral 1 80 in Fig. 1 2 

1 88 second short side of quadrilateral 1 80 in Fig. 1 2 

1 90 first interioLangle of quadrilateral 1 80 in Fig. 1 2 

1 92 second interioLangle of quadrilateral 1 80 in Fig. 1 2 

1 94 tliird interior angle of quadrilateral 1 80 in Fig. 12 

1 96 fourth iflterinrangle of quadrilateral 1 80 in Fig. 1 2 

1 98 spherical pentagon, one of the interstitial elements of Fig. 12 

200 shell 

202 square group, one-fouith part of shell 200 in Fig. 13 

204 oblong segment in Fig. 1 3 

P center point ofthe spherical rhombic surface 

Wt topwidthofs^ent30 

Wb bottom width of segment 30 

Wm right half of line 41 and middle width of segment 30 

Onpaee20: 
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A first embodiment, representing my improved shdl segmentation, is illustrated in Figs. 
2A to 3C, and detailed by numeric examples in Tabic 1, and with accompanying descriptions. 
This is my improved shell segmentalion in its simplest possible form, utilizing an oblong 
quadrilateral, l/60th segment of a sphere without appurtenances. The quadrilateral is pblonR in 
that it h<u> adjacent sides of diflerina Icnfnh: this is an underlvinii characteristic of my invention 
which will be present in all of the emhndlmg?nts to be. pres^ented. Several variations of the basic 
form will be described* 

On page 22 : 

Figs. 3 A and 3B illustrate that an ambiguity exists conccining mirror images. Both 
Figs. 3 A and 3 B sliow Ihe division of a spherical rhombic face as described above, in the 
simplest form of my improved segmentation, and together they illustrate a duality of possible 
segment shapes. The two figures show identical spherical riiombic faces that ai-e convex 
upward (toward the reader) and with acute angles arranged vertically. Each figure shows a 
lobeled segment with a fir$t long side 40 near to parallel with a second long side 42, a first short 
side 44, and a second short side 46. The sides are connected in alternation, long to short, and 
tlien short to long, etc., to produce a segment with tlie approximate appearance of a 
parallelogram confonned to a sphere. ITie interior angles formed between the sides are first 
through fourth interior a ngles 48, 50, 52, and 54, 

On page 36 : 

Fig. 12 shows pentagons and quadrilaterals of approximately equal width. As in the 
first embodiment, quadrilateral 180 has a first long side 182, a second long side 184, a first 
short side 186, a second short side 188, and first through fourth interior angles 190, 192, 194, 
and 196, Tlie segment is narrower and longer than in Figs. 2A-3C, but angles are comparable, 
with angle 1 92 measuring a linle less than 72 degrees, angle 194 equal to 120 degrees, and the 
sum of angle 190 and angle 1 96 equaling 180 degrees. This segment also has nearly constant 
width, with variation comparable to that of the first embodiment A continuum of quadrilateral 
dimensions, fh)m those of the first embodiment to beyond this example, are achievable and 
within the scope of the invention. 
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